A gramians based method for quantifying the nonlinearity of the control-affine spatio-temporal systems is proposed in this paper. The empirical gramians are computed from the data collected from a nonlinear model derived by collocation method for spatio-temporal systems. This method compares the empirical gramians of the nonlinear model with that of the linearized model at its steady state operating point. This can result in two measures for the nonlinearity of the system: nonlinearity in the input-state behavior and nonlinearity in the state-output behavior, and it indicates that when it is appropriate to approximate a nonlinear model with a linearization around an operating point.
Introduction
For the purpose of the system simulation, dynamical predicted modeling and control design [1] [2] , it is necessary or essential to measure the nonlinearity quantification of the spatio-temporal systems at the operational points. The nonlinear measures were first proposed by Desoer and Wang [3] to quantify the degree of the nonlinearity of the input-output mapping of a system. The techniques are developed by Nikolaou [4] , helbig [5] , Sun and Hoo [6] for SISO systems, and so on. Hahn and Edgar [7] has introduced as gramian based approach to the nonlinearity quantification to measure the nonlinearity of a control-affine process over an given operating region. However, until now there has been almost no research reported for the application of the nonlinearity quantification to the spatial-temporal systems, because the traditional nonlinearity measures do not have spatio-temporal nature.
This paper develops the gramians based method to nonlinearity quantification for the control-affine spatio-temporal systems. The model reduction of the PDE model is firstly finished by the collocation method, and the ODE model for the temporal variables at the selected collocation points is obtained simultaneous. Then, the input and output empirical graimians are calculated from the ODE system and linearized system respectively. After a balanced transformation of the empirical graimians, the nonlinearity measures are computed by comparing the gramians of the linearized model and the nonlinear model. A numerical example is used to illustrate the proposed nonlinearity quantification method.
In Eq. (1) 
The weighting functions of the collocation method are chosen to be Dirac delta
, which can be made small in the sense that
The relationship of the temporal coefficients and the spatial temporal variable at the collocation points 1 {} N ii z  are derived. According to the relationship and Eq.(3), a n-dimensional dynamical system (6) can be derived directly.
MH are the nn  and n NI 
Xt is the state of system (6) Comparing gramians of the balanced system has the advantage that it can determine if the input-output behavior of the nonlinear system deviates from its behavior for the linearized model [7] . Then, the applications of balancing transformation for linear and nonlinear empirical matrix can be given as follows.
The two nonlinearity measures can be defined: 
An Numerical Example
Consider the one-dimensional (in space) nonlinear reaction diffusion system with noflux boundary conditions which has lightly modified from the illustrated example in the reference [10] .
Subject to Neumann boundary condition and some Initial condition. Where 
Conclusions
A gramians based method was proposed for quantifying the nonlinearity of the control-affine spatio-temporal systems in this paper. This method compared the empirical gramians of the nonlinear model with that of the linearized model at its steady state operating point. Two measures for the nonlinearity of the system: nonlinearity in the input-state behavior and nonlinearity in the state-output behavior could indicate that when it is appropriate to approximate a nonlinear model with a linearization around an operating point.
